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D scriptlon 

Background of the Invention 
5 Field of the Invention 

[0001] The present invention relates to an anode made of a graphite material capable of intercalating and de-inter- 
calating lithium ions, and a nonaqueous electrolyte secondary battery using the same. 

10 Description of the Prior Art 

[0002] In the recent trend of rapid progress in portable and cordless structure of consumer electronic appliances, 
the lithium secondary battery is noticed as their driving power source. 

[0003] Hitherto, as the materials for anode of lithium secondary battery, lithium metal, lithium alloy, and carbon ca- 
15 pable of intercalating and de-intercalating lithium ions have been discussed, but the former two materials produce 
dendritic lithium or fine lithium alloy respectively along with process of charging and discharging of battery, possibly 
leading to internal short-circuit of battery. Recently, therefore, the lithium ion battery using carbon is in the mainstream 
of merchandise. 

[0004] When carbon is used as the anode, since lithium is intercalated between carbon layers at the time of charging, 
20 lithium is not present on the anode surface in metal state, and it is hence said that the safety of the battery may be 
enhanced. 

[0005] Among carbon, graphite is particularly small in the initial irreversible capacity, and is likely to raise the electrode 
density, and ft is studied in various aspects. 

[0006] Such graphite materials include natural graphite, and artificial graphite obtained by calcining pitch, coke or 
25 other organic material. Generally, graphite particles are composed as polycrystals of graphite crystallites with crystallite 
size ranging from several nm to hundreds of nm in the in-plane direction ((110) or (100) direction) or C-axis direction 
((004) or (002) direction). In such graphite particles, the C-axis of crystallites tends to face nearly same direction, and 
the same tendency is noted in the particles after grinding and sieving. Accordingly, the in-plane direction and C-axis 
direction are respectively uniform as if entire graphite particles were one crystallite. 
30 [0007] When grinding the graphite in order to reduce the particle size, the graphite is likely to be cleaved by the 
shearing force between layers, that is, in the in-plane direction of crystal. Usually, therefore, the graphite particles 
ground to particle size of scores of microns are shaped like scales, the particle size is small in the C-axis direction of 
crystallite, and the aspect ratio of particle size in the in-plane direction of crystallite and particle size of C-axis direction 
tends to be larger. 

35 [0008] Using such graphite material as the anode material, when paste is prepared together with binder and others 
and applied and rolled on the current collector, the filling density of graphite material in the electrode is raised, and 
owing to the large aspect ratio of particles in the in-plane direction and C-axis direction, the C-axis direction of particles 
tends to coincide with the vertical direction of the current collector. That is, the basement surface of crystallite in the 
graphite particles (C-axis (004) or (002) direction) tends to orient in the same direction as the surface of the current 

*o collector. 

[0009] The orientation of graphite material in the electrode can be known from the peak intensity ratio R of the 
diffraction line (1 1 0) in the in-plane direction obtained from the wide-angle X-ray diffraction and the diffraction line (004) 
in the C-axis direction. 

45 R „ (110)peak integral intensity I (110) 

(004) peak integral intensity I (004) 

[0010] The intensity ratio R of graphite material measured in the powder state before application is measured in a 
state in which each particle does not have orientation in the measuring surface of wide angle X-ray diffraction, and 

so therefore the obtained value corresponds to the size ratio of crystal size in the in-plane direction of graphite material 
and crystal size in C-axis direction. By contrast, in the electrode prepared by applying and rolling paste compound of 
graphite material on the current collector, the basement surface of graphite particles tends to orient in the same direction 
as the current collector surface. Therefore, crystallites composing graphite particles also orient according to the orien- 
tation of particles, and when th I ctrode surface is measured by X-ray, as compared with the powder state b for 

55 application, the peak int nsity I (110) of the in-plan dir ction of crystallites is weak, and th peak intensity I (004) in 
th C-axis direction is strong, so that th peak intensity ratio R varies. Thus, from th chang in the peak intensity ratio 
R of wide angle X-ray diffraction, the d gree of orientation of particles in the I ctrod may be known. 
[0011] When the conv ntional el ctrode was measured in th above method, the peak intensity ratio R was about 
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0.01 to 0.05, and the ratio P(= R/RJ of R to the peak intensity ratio Rq obtained from th powder before preparation 
of electrode was about 0.05. 

[0012] in such electrode, on th lectrod surface at th interface to the electrolyte, the ratio of xistence of the 
basement surface of graphite crystal is large, while the ratio of existence of dg of graphite crystal inducing interca- 

5 lation of lithium ions is small. Hence, in charging and discharging reaction, lithium ions cannot move smoothly at the 
interface of electrolyte and electrode, and polarization is likely to occur, and therefore favorable high rate charging and 
discharging characteristic or charging and discharging cycle characteristic cannot be obtained. 
[0013] To solve such problems, as disclosed in Japanese Laid-open Patent No. 4-190556, Japanese Laid-open 
Patent No. 4-1 90557, and Japanese Laid-open Patent No. 6-318459, for example, it has been proposed to reduce the 

10 crystal size ratio (aspect ratio) in the in-plane direction and C-axis direction of graphite crystallites. In spite of these 
proposals, however, the problems are not solved completely, and in particular nothing is considered about restriction 
of orientation of graphite particles on the electrode. 

[0014] In Japanese Laid-open Patent No. 8-83609 or Japanese Laid-open Patent No. 8-180873, graphites having 
various particle shapes are proposed, but nothing is still considered about restriction of orientation of graphite particles 
is on the electrode. 

[0015] The invention is devised to solve these problems, and it Is hence an object thereof to present a nonaqueous 
electrolyte secondary battery using an anode particularly excellent in high rate discharging characteristic and charging 
and discharging cycle characteristic. 

20 Summary of the Invention 

[001 6] The object of the invention is to present a nonaqueous electrolyte secondary battery using an anode partic- 
ularly excellent in high rate discharging characteristic and charging and discharging cycle characteristic. To achieve 
such object, as the anode for nonaqueous electrolyte secondary battery, the invention uses an anode mainly composed 
25 of a graphite material, with its peak intensity ratio R (= l(110)/l(004» ranging from 0.05 to 0.5. As a result, it prevents 
extreme parallel orientation of crystal layer of graphite material on the current collector to the current collector plane, 
and enhances the high rate discharging characteristic. 

[0017] Also in the anode, the ratio P (= R/RJ of peak intensity ratio R obtained from the electrode prepared by 
applying and rolling a graphite material on a current collector and peak intensity ratio Rq obtained from the powder 
30 before preparation of the electrode is in a range of 0. 1 to 0.7. 

[001 8] It hence controls extreme orientation of graphite particles in the electrode in the electrode preparation process, 
and enhances the high rate discharging characteristic. 

[0019] By using such anode, a nonaqueous electrolyte secondary battery excellent in high rate discharging charac- 
teristic is obtained. 

35 [0020] The invention as set forth in claim 1 uses an electrode of which peak intensity ratio R (= I(110)/l(004)) of lattice 
planes (110) and (004) of graphite material obtained by wide angle X-ray diffraction of the anode for nonaqueous 
electrolyte secondary battery is in a range of 0.05 to 0.5. 

[0021] In the anode using the graphite material of which peak intensity ratio R is in a range of 0.05 to 0.5, on the 
electrode surface at the interface to the electrolyte, the basement surface and edge of graphite crystals coexist ade- 

40 quately. Such anode is easy to manufacture, especially when graphite particles are in spheroidal or massive shape. 
The graphite of such particle shape is, as compared with the flake graphite, smaller in the aspect ratio of the direction 
corresponding to the in-plane direction of particle and the direction corresponding to the C-axis direction, and if exposed 
to pressure in rolling process when fabricating the electrode, the basement surface of each particle is hardly oriented 
uniformly in the same direction as the current collector surface. As a result, many edges of graphite crystal are present 

45 on the electrode surface. Even in the flake graphite, by adjusting the deposition condition or rolling process condition 
at the time of manufacture of electrode, orientation of particles in same direction can be suppressed, and it seems 
possible to manufacture. 

[0022] In this anode, since there are adequate edges of graphite crystals on the electrode surface at the interface 
to the electrolyte, intercalation of lithium proceeds smoothly, and polarization during charging and discharging is sup- 

50 pressed, and an electrode excellent in high rate discharging characteristic is composed. Also because the move of 
lithium in the anode is smooth, all parts of the anode react uniformly, and deterioration is small if charging and dis- 
charging are repeated. Moreover, volume expansion or shrinkage of graphite material due to intercalation and de- 
intercalation of lithium ions is not specified in one direction only, and deterioration such as dropout of compound from 
th electrode in the charging and discharging cycles is suppressed, and an I ctrode excellent in cycl characteristic 

55 is composed. 

[0023] By contrast, in th anod of which peak intensity ratio is less than 0.05, much basement surface of graphit 
crystal is present on th electrod surface at th int rface to the electrolyt . Ther fore, only few edg s of crystals are 
present, and intercalation of lithium is not smooth, and polarization increase, and favorable high rate discharging char- 
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acteristic and cycle characteristic are not obtained. 

[0024] On the other hand, when th peak intensity ratio xceeds 0.5, the basement surface of graphite particles does 
not orient in a specific direction, but is present uniformly in all directions in th electrode, and electron conduction by 
contact of graphite particles is not obtained sufficiently, and polarization occurs, which is not preferred, too. 
5 [0025] The invention as set forth in claim 2 is to present a nonaqueous electrolyte secondary battery of high voltage, 
large capacity, and excellent in high rate discharging characteristic and cycle characteristic, by combining the anode 
of claim 1 , a cathode composed of lithiated complex oxide, and a nonaqueous electrolyte. 

[0026] The invention as set forth in claim 3 relates to the nonaqueous electrolyte secondary battery of claim 2, in 
which the solvent of the nonaqueous electrolyte is mainly composed of two components, cyclic carbonate and chain 

10 carbonate, or three components further including aliphatic ester carbonate. 

[0027] When the lithiated complex oxide is used in the cathode, the potential of the cathode is about 4 V as compared 
with the potential of lithium, and this is the potential for oxidizing and decomposing most organic solvents. By using 
the electrolyte existing stably even at such high potential, existing stably as liquid in a high temperature range, and 
holding a high electric conductivity, it is intended to present the nonaqueous electrolyte secondary battery further ex- 

15 cellent in low temperature characteristic and storage characteristic. 

[0028] The invention as set forth in claim 4 relates to the nonaqueous electrolyte secondary battery of claim 2, in 
which the cathode and anode include an organic electrolyte and a polymer for absorbing and holding the organic 
electrolyte, and the separator includes an organic electrolyte and a polymer for absorbing and holding the organic 
electrolyte, same as in the cathode and anode. In such battery composition, a battery of high performance and flexible 

20 shape is realized. 

[0029] The invention as set forth in claim 5 is an anode, in which if the peak intensity ratio of lattice planes (110) and 
(004) of graphite material obtained by wide angle X-ray diffraction is R (= l(110)/l(004)), the ratio P (= R/Fy of meas- 
urement R of the anode formed by applying and rolling graphite material on an current collector, and measurement 
of the powder before fabrication of electrode is in a range of 0.1 to 0.7. 

25 [0030] The electrode of which ratio P is in a range of 0.1 to 0.7 is relatively smaller in the change of R as compared 
with that of the powder before fabrication of electrode. It is likely to settle in this range when the graphite material is 
particles in spheroidal or bulk shape. This is because the aspect ratio is smaller as compared with the flake graphite, 
and if exposed to pressure in the rolling process in fabrication of electrode, the basement surface of each particle is 
hardly oriented in the same direction as the current collector surface. Or, if the graphite material is scaly particles large 

30 in aspect ratio and likely to orient, orientation of particles in same direction may be suppressed by the deposition 
condition or rolling process condition in electrode fabrication. In such electrode, crystallites are not oriented in a specific 
direction, and many edges of graphite crystals are present on the electrode surface, and lithium ions are likely to be 
intercalated, and moving in the electrode is considered to be smooth. As a result, favorable high rate discharging 
characteristic and favorable cycle characteristic may be obtained. Moreover, since expansion and shrinkage of graphite 

35 materials due to intercalation and de-intercalation of lithium ions are not specified in one direction only, deterioration 
of electrode strength such as dropout of compound due to repeated charging and discharging can be suppressed, and 
an electrode excellent in cycle characteristic is composed. 

[0031] In the electrode of which ratio P is less than 0.1 , the orientation of graphite particles differs significantly before 
and after electrode fabrication, and in the graphite particles after electrode fabrication, the basement surface of crystals 
40 is oriented in the same direction as the current collector surface. Accordingly, at the interface to the electrolyte, inter- 
calation of lithium ions is not smooth, and polarization is likely to occur, and favorable high rate discharging characteristic 
and cycle characteristic are not obtained. 

[0032] In the electrode of which ratio P exceeds 0.7, as compared with the powder before electrode fabrication, 
although the change of R is smaller, the rolling process is not enough, and the filling density of graphite is low. Hence, 
45 the contact between particles is insufficient, and sufficient electron conduction is not achieved, and polarization in- 
creases to lower the initial capacity, which is not preferred. Therefore, the ratio P must be 0.1 or more and 0.7 or less, 
and more preferably 0.2 or more to 0.5 or less. 

[0033] The invention as set forth in claim 6 is to present a nonaqueous electrolyte secondary battery of high voltage, 
large capacity, and excellent in high rate discharging characteristic and cycle characteristic, by combining the anode 

50 of claim 5, a cathode composed of lithiated complex oxide, and a nonaqueous electrolyte. 

[0034] The invention as set forth in claim 7 relates to the nonaqueous electrolyte secondary battery of claim 6, in 
which the solvent of the nonaqueous electrolyte is mainly composed of two components, cyclic carbonate and chain 
carbonate, or three components further including aliphatic ester carbonate. When the lithiated complex oxide is used 
in the cathode, th potential of the cathode is about 4 V as compared with the potential of lithium, and this is th potential 

55 for oxidizing and decomposing most organic solvents. By using the electrolyte existing stably even at such high po- 
tential, existing stably as liquid in a high temperatur rang , and holding a high electric conductivity, it is int nd d to 
present the nonaqu ous I ctrolyte secondary battery furth r excell nt in low temperatur characteristic and storag 
characteristic. 
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[0035] The Invention as set forth in claim 8 relates to th nonaqueous el ctrolyte secondary batt ry of claim 6, in 
which the cathode and anode include an organic electrolyte and a polymer for absorbing and holding th organic 
el ctrolyte, and th separator includes an organic electrolyte and a polymer for absorbing and holding the organic 
electrolyte, sam as in th cathode and anode. In such battery composition, a battery of high performance and flexible 
s shape is realized. 

[0036] The graphite material used in the anode is not particularly limited, and includes, for example, ground and 
sieved natural graphite, artificial graphite obtained by calcining pitch, coke or other organic material, mixing with binder 
pitch, forming, and graphitizing at 2000 to 3000°C, being ground and sieved into bulk or scale particle shape, or sphe- 
roidal graphite obtained by graphitizing the spherulite obtained from meso-phase pitch. Incidentally, also in the condition 

10 heightened in the filling density when fabricating the electrode, the orientation of particles can be suppressed, and for 
manufacturing a battery using an electrode of high filling density, spheroidal graphite or bulk graphite of which particle 
shape is close to cube is preferred. Further, the bulk graphite is preferred for manufacturing a battery having a high 
initial capacity because the graphitizing degree of graphite material is high and the reversible capacity is large. 
[0037] As the graphite material, the lattice distance d002 of lattice plane (002) by wide angle X-ray diffraction is 

15 preferred to be 3.35 angstroms or more and 3.37 angstroms or less. In the graphite material exceeding 3.37 angstroms, 
the graphitizing degree is low, and the lithium intercalating reversible capacity drops, and higher capacity is not ex- 
pected. The median diameter is preferred to be 10 to 20 microns. Hence the filling density is enhanced, and the 
electrode excellent in coating and roller performance can be fabricated. To suppress the side reaction occurring in 
decomposition of electrolyte or the like on the electrode surface, the specific surface area determined by the BET 

20 adsorption method is preferred to be 2.0 to 5.0 rr^/g. 

[0038] The wide angle X-ray diffraction was measured by using CuK a as X-ray source by means of RINT-2500 
(manufactured by RIGAKU DENKI). For measurement of electrode, a part of the electrode was cut out, and adhered 
to a sample holder and measured. As for graphite powder, according to the measuring method using a sample having 
no orientation in any direction (Guideline of X-ray Diffraction, RIGAKU DENKI, p. 42), as amorphous substance, silica 

25 gel powder was mixed in the sample by about 50%, blended and ground in an agate mortar, and charged into a sample 
holder and measured. As the graphite powder used at this time, the powder before fabrication of anode may be used, 
or the compound of electrode after fabrication may be collected, and used after sufficient separation between particles 
in a mortar before measurement. When measuring the wide angle X-ray diffraction of electrode and powder, the sample 
surface for incident X-ray is a plane, its surface coincides with the axis of rotation of goniometer, so that there is no 

30 measuring error in diffraction angle or intensity. 

[0039] In the rolling process of electrode, any pressing technique may be employed, and a roller press, for example, 
is preferably used. 

[0040] As the cathode material to be combined with the anode, any metal oxide containing lithium may be used as 
far as lithium can be intercalated and de-intercalated, and in particular those showing high potential of 4 V class are 
35 effective from the viewpoint of high energy density, and examples include LiCoC^, LiNi0 2 , and LiMn 2 0 4 . 

[0041] As the organic solvent, preferably, the cyclic carbonate includes ethylene carbonate (EC), propylene carbon- 
ate (PC) and butylene carbonate (BC), the chain carbonate includes dimethyl carbonate (DMC), diethyl carbonate 
(DEC), and ethyl methyl carbonate (EMC), and the aliphatic ester carbonate includes methyl propionate and ethyl 
propionate. 

40 [0042] Examples of the electrolyte include lithium perchlorate (LiCI0 4 ), lithium hexafluoride (LiPF 6 ), lithium boroflu- 
oride (LiBF 4 ), lithium arsenic hexafluoride (LiAsF 6 ), lithium trifluoromethane sulfonic acid (LiCF 3 S0 3 ), lithium bistrif- 
luoromethyl sulfonyl imide [LiN(CF 3 S0 2 ) 2 ], and other lithium salts, which may be used either alone or in combination 
of several proper types, and, in particular, lithium hexafluoride (LiPF 6 ) is preferred. 

[0043] The dissolving amount of the electrolyte in the organic solvent is 0.2 to 2 mol/liter, more preferably 0.5 to 1 .5 
45 mol/liter. 

[0044] The polymer for absorbing and holding the organic electrolyte in claims 4 and 8 of the invention may include 
a polymer of which degree of crystallization of volatile organic solvent or volatile liquid after evaporation is 0 to 60 wt. 
%, preferably 5 to 50 wt.%, or a polymer alloy mechanically kneaded and blended, or chemically bonded partially. 
Above all, it is preferred to use fluorine polymer or fluorine polymer alloy. As the polymer or polymer alloy, for example, 

50 it may be formed of at least one polymer selected from fluorine substitute of ethylene and its copolymers as components 
for forming a crystal phase, and at least one polymer selected from fluorine substitute of propylene and fluorine sub- 
stitute having silicon in the principal chain as the component for forming an amorphous phase. Examples of the polymer 
for forming the crystal phase include polyvinylidene fluoride (PVDF), monofluoride ethylene polymer (PVF), polychloride 
trifluorid polym r (PCTFE), tetrafluoroethylen polymer (PTFE), and polyethyl n (PE). 

55 [0045] On the other hand, examples of the polymer for forming th amorphous phase includ polyhexafluoropropyl- 
ene (PHFP), perfluoroalkyl vinyl th r (PVE), and PVMQ (material symbol by ASTM) which is a fluorin substitute 
polymer containing silicon bond in principal chain. How ver, usable materials are not limited to these xamples alone. 
In particular, as th polymer for holding th el ctrolyte, it is preferred to us a fluorin polym r obtained by copolym- 
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erization of 60 to 97 wt.% of vinytidene fluorid as the component for forming th crystal phas , and 40 to 3 wt.% of 
hexafluoropropyl n as the component for forming th amorphous phase. In th copolym rofvlnyliden fluorid (VDF) 
and hexafluoropropylen (HFP), VDF contributes to nhancement of mechanical str ngth in th skeleton of the copol- 
ymer, and HFP is taken into the copolym r in an amorphous state, and functions as the portion for holding the organic 

5 electrolyte and passing of lithium ions. 

[0046] As the volatile organic solvent, those evaporated quickly in the film forming process, and useful for forming 
of binder of favorable separator layer and positive and negative electrode layers are preferred. Specific examples 
include ketones (for example, acetone, methyl ethyl ketone (MEK), methyl isobutyl ketone (MIBK), methyl isoamyl 
ketone), carbohydrates (for example, tetrahydrofuran (THF), methyl tetrahydrofuran), esters (for example, methyl ac- 

10 etate, ethyl acetate), dichloromethane, 1 ,2-dimethoxy ethane, 1 ,3-dioxolan, isophorone, cyclohexanone, and other 
nonaqueous solvents with boiling point around 100 °C. Although the boiling point is as high as 202°C, N-methyl pyr- 
rolidone is also effective because it has a high vapor tension, and is hence volatile and large in dissolution of the 
polymer. A volatile liquid having affinity for the volatile organic solvent may be any material higher in boiling point than 
the volatile organic solvent, larger in protonic property, and lower in melting point than the polymer. Specific examples 

15 include water, alcohols, esters, and carbonates. In particular, it is preferred to use water. 

[0047] In order to enhance the impregnation of organic electrolyte into the polymer by adding such volatile liquid, 
the volatile liquid is preferred to be added to the volatile organic solvent in which the polymer is dissolved by 0.2 wt.% 
or more. As the addition of the volatile liquid increases, when the separator layer surface and fracture structure after 
evaporation of the volatile liquid were observed by scanning electron microscope (SEM), microporous cavities are 

20 increased, and a close correlation with the increase of impregnation of electrolyte is noted. The upper limit of the 
addition is preferred to be 15 wt.% of the volatile nonaqueous solvent in which the polymer is dissolved. More preferably, 
the addition of the volatile liquid is 0.5 wt.% to 10 wt.% of the volatile nonaqueous solvent in which the polymer is 
dissolved. 

[0048] The separator composed of the polymer containing the organic electrolyte can be manufactured in a method 
25 of adding an organic electrolyte to a polymer mixed solution composed of a volatile organic solvent in which the polymer 
is dissolved, and a volatile liquid having an affinity for this volatile organic solvent, and forming a film by evaporating 
the volatile organic solvent and volatile liquid. 

[0049] As the polymer and the volatile organic solvent, the same materials as mentioned above may be used. 
[0050] The same effects are obtained regardless of the shape or size of the battery, such as cylindrical, square, or 
30 flat shape. 

Brief Description of the Drawings 

[0051] Fig. 1 is a longitudinal sectional view of a cylindrical battery for evaluation of anode. 
35 [0052] Fig. 2 is a longitudinal sectional view of a thin battery for evaluation of anode. 

Detailed Description of the Preferred Embodiment 

[0053] The invention is described specifically below while referring to examples. 

40 

Example 1 

[0054] Fig. 1 is a longitudinal sectional view of a cylindrical battery used in this example. In the diagram, reference 
numeral 1 is a battery case prepared by processing a stainless steel plate having resistance to organic electrolyte, 2 

45 is a seal plate having a safety valve, and 3 is an insulating packing. Reference numeral 4 is an electrode group having 
a cathode and an anode spirally wound through a separator, and it is accommodated in the case 1 . From the cathode, 
a cathode lead 5 is drawn out and connected to the seal plate 2, and from the anode, an anode lead 6 is drawn out 
and connected to the bottom of the battery case 1. Reference numeral 7 is an insulating ring, which is provided in the 
upper and lower parts of the electrode group 4. The cathode and anode are specifically described below. 

50 [0055] The cathode is composed of 1 00 parts by weight of LiCo0 2 powder synthesized by mixing LijCc^ and Co30 4 
and calcining for 1 0 hours at 900°C, 3 parts by weight of acetylene black, and 7 parts by weight of fluoroplastic binder 
7, which were mixed and suspended in an aqueous solution of carboxy methyl cellulose and formed into paste. This 
paste was applied on both sides of an aluminum foil of 0.03 mm in thickness, dried and rolled, and a positive electrode 
of 37 mm in width, and 240 mm in length was fabricated. 

55 [0056] Th anode is mainly composed of a graphit compound prepared by carbonizing p trol urn coke, mixing with 
binder pitch, forming, and graphrtizing at 2800°C to obtain artificial graphit , and grinding and si ving it, and forming 
into graphit having a massive particle shape. 

[0057] To 100 parts by w ight of this massive-shaped graphit , 3 parts by w ight of styr n /butadi ne rubber was 
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mixed, and th mixture was susp nded in an aqueous solution of carboxymethyl cellulose to be formed into past . 
This past was applied on both sid sofacopp r foil of 0.02 mm in thickness, and dried. This anod was rolled several 
times by means of a roll r press, and a negativ el ctrode of 0.20 mm in thickness, 39 mm in width, and 260 mm in 
length was prepared. Part of this lectrode was later cut out, and measured as sample of wide angle X-ray diffraction, 

5 and the intensity ratio R of (110) and (004) was 0.07. 

[0058] The cathode was provided with an aluminum lead, and the anode with a nickel lead, respectively, and both 
were spirally wound through a polypropylene separator of 0.025 mm in thickness, 45 mm in width, and 730 mm in 
length, and an electrode group was composed, and this electrode group was put into a battery case of 14.0 mm in 
diameter and 50 mm in height. The electrolyte was prepared by dissolving 1 moi/liter of LiPF 6 into a solvent mixing EC 

10 and DEC by 1 :1 by volume, and after filling with this, the seal was closed, and cell A of the invention was completed. 

Example 2 

[0059] The negative electrode and battery were fabricated in the same manner as in example 1 except that massive 
15 graphite obtained by grinding and sieving natural graphite was used as the graphite material, and cell B of the invention 
was completed. Part of the electrode was cut out and used as the sample for measurement of wide angle X-ray dif- 
fraction, and the intensity ratio R of (110) and (004) was determined. 

Example 3 

20 

[0060] The negative electrode and battery were fabricated in the same manner as in example 1 except that spheroidal 
graphite made of meso-phase pitch obtained by graphitizing at 2800°C was used as the graphite material after grinding 
and sieving, and cell C of the invention was completed. Part of the electrode was cut out and used as the sample for 
measurement of wide angle X-ray diffraction, and the intensity ratio R of (110) and (004) was determined. 

25 

Comparative example 1 

[0061] The negative electrode and battery were fabricated in the same manner as in example 1 except that flake 
graphite was used as the graphite material, and cell D for comparison was completed. Part of the electrode was cut 
30 out and used as the sample for measurement of wide angle X-ray diffraction, and the intensity ratio R of (110) and 
(004) was determined. 

Comparative example 2 

35 [0062] The negative electrode and battery were fabricated in the same manner as in example 1 except that rolling 
was not executed when fabricating the negative electrode by using spheroidal graphite made of meso-phase pitch 
obtained by graphitizing at 2800°C as the graphite material after grinding and sieving , and cell E for comparison was 
completed. Part of the electrode was cut out and used as the sample for measurement of wide angle X-ray diffraction, 
and the intensity ratio R of (110) and (004) was determined. 

40 

Example 4 

[0063] Fig. 2 shows a sectional structure of a thin type battery used in the embodiment. In Fig. 2, reference numeral 
8 is a cathode sheet, 9 is a cathode current collector, 10 is an anode sheet, 11 is an anode current collector, and 12 
45 is a separator. 

[0064] The cathode sheet 8 was prepared in the following procedure. First, a copolymer of vinylidene fluoride and 
propylene hexafluoride (P(VDF-HFP), ratio of propylene hexafluoride by 12 wt.%) was dissolved by 140 g in 640 g of 
acetone, and 220 g of dibutyl phthalate (DBP) was added and stirred, and a polymer solution for electrode was prepared. 
Next, 754 g of LiCo0 2 as active material, and 40 g of acetylene black (AB) as electric conductor were mixed, and 425 
50 g of acetone was added and kneaded for 30 minutes, and 430 g of the prepared polymer solution for electrode was 
gradually added in the course of one hour and mixed, and a cathode paste was obtained. This cathode paste was 
applied on a glass plate in a thickness of 0.5 mm, and the acetone was dried and removed at room temperature, and 
a 0.22 mm sheet was prepared. It was rolled by two rollers, and blanked out into a specified size, and a cathode sheet 
was obtained. 

55 [0065] To prepar an anod , cons qu ntly, petroleum coke was carboniz d, mix d with binder pitch and formed, 
and graphitized at 2800°C to obtain artificial graphite, which was ground and sieved to obtain graphit of massive 
particle shap , and to 100 g of this, 100 g of acetone was added and kneaded for 30 minutes. Th above polymer 
paste-for lectrod , 145 g, was gradually added in the course of one hour and mix d.andananod past wasprepared. 
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This anode paste was applied on a glass plate in a thickness of 0.4 mm, and the aceton was dried and remov d at 
room temperature, and a 0.2 mm sh t was pr pared. It was rolled by two roll rs, and blanked out to a specified size, 
and an anode sheet was obtained. At this tim , part of this electrode was cut out and used as the sample for meas- 
urement of wide angle X-ray diffraction, and th intensity ratio R of (11 0) and (004) was 0. 1 9. 

5 [0066] The cathode sheet 8 and aluminum-made cathode current collector 9 were laminated, held with polytetrafluor- 
oethyfene sheets (PTFE, thickness 0.05 mm) from both sides, and heated and pressed by two rollers heated at 150°C, 
and a positive electrode was fabricated by thermal fusion. Incidentally, the PTFE was used for preventing the cathode 
sheet from sticking to the roller, and it may be replaced by other material such as copper foil or aluminum foil. Similarly, 
by heating and pressing the anode sheet 10 and copper-made anode current collector 11, a negative electrode was 

10 prepared by thermal fusion. 

[0067] The aluminum-made cathode current collector 9 and copper-made anode current collector 11 had been pre- 
liminarily surface-treated as follows. That is, by immersing in acetone for 1 hour, the organic matter on the current 
collector surface was removed, and by immersing in an aqueous solution of potassium hydroxide of 1 0 wt.% for 1 hour, 
and the oxide film on the current collector surface was removed, and it was washed in ion exchange water. 

15 [0068] Mixing 3 g of acetylene black and 87.5 g of N-methyl pyrrolidone solution of vinylidene polyfluoride (8 wt.%), 
a mixture of conductive carbon material and binder was prepared. This mixture was applied on the current collector, 
and N-methyl pyrrolidone was dried and removed at 80°C for 1 hour, and a surface-treated current collector was 
obtained. 

[0069] The separator 12 was prepared in the following manner. First, mixing 40 g of P (VDF-HFP) and 200 g of 
20 acetone, 40 g of DBF; was added and stirred, and a P (VDF-HFP) separator paste was prepared. This paste was 
applied on a glass plate in a thickness of 150 microns, and the acetone was dried and removed at room temperature, 
and a 0.02 mm P (VDF-HFP) separator was obtained. 

[0070] Finally, the P (VDF-HFP) separator was held with the positive electrode and negative electrode, and further 
held by PTFE sheets, and the assembly was passed through two rollers heated at 120 °C to be heated and pressed 
25 for thermal fusion, and an integrally composed battery was fabricated. 

[0071] This integrally composed battery was immersed in diethyl ether for 12 hours, and DBP was extracted and 
removed, and after drying for 1 hour at 50°C in vacuum, an aluminum lead (thickness 0.1 mm) was connected to the 
aluminum current collector, and a copper lead (thickness 0.1 mm) to the copper current collector, respectively by spot 
welding. 

30 [0072] The dried battery was put into an aluminum laminate pouch sealed except for one side, electrolyte was poured 
in, and vacuum impregnation for 3 minutes was conducted for three times, and by further impregnating for 10 minutes 
at 60°C in vacuum, the electrolyte was poured into the battery. The electrolyte was prepared by dissolving 1 mol/liter 
of LiPF 6 in a mixed solvent of EC and DEC of 1 :1 by volume. 

[0073] After pouring in, the remaining side of the laminate pouch was sealed, and cell F was completed. 

35 

Example 5 

[0074] The negative electrode and battery were fabricated in the same manner as in example 4 except that massive 
graphite obtained by grinding and sieving natural graphite was used as the graphite material, and cell G of the invention 
40 was completed. Part of the electrode was cut out and used as the sample for measurement of wide angle X-ray dif- 
fraction, and the intensity ratio R of (110) and (004) was determined. 

Comparative example 3 

45 [0075] The negative electrode and battery were fabricated in the same manner as in example 4 except that flake 
graphite was used as the graphite material, and cell H for comparison was completed. Part of the electrode was cut 
out and used as the sample for measurement of wide angle X-ray diffraction, and the intensity ratio R of (110) and 
(004) was determined. 

[0076] Preparing three cells each of cells A, B, C, F, G of the invention and cells D, E, H for comparison, the initial 
50 capacity, high rate discharging capacity, and cycle characteristic were measured. As the charging and discharging 
condition, at 20°C, the limiting current was 350 mA in cells A, B, C, D, E, and constant voltage charging was conducted 
at charging voltage of 4.1 V and charging time of 2 hours, and in discharging, the discharging current was 100 mA in 
the initial charging and discharging test, and the discharging current was 1000 mA in the high rate discharging test. In 
cells F, G, H, the constant curr nt charging was 20 mA, and the charging voltage was cut at 4.2 V, and in discharging, 
55 the discharging current was 20 mA in th initial charging and discharging test, and th discharging curr nt was 200 
mA in the high rate discharging test. To valuat the high rate discharging charact ristic, th ratio of initial discharging 
capacity and high rate discharging capacity was determined. As th cycle characteristic test, in cells A, B, C, D, E, at 
discharging current of 500 mA, constant current discharging at discharging nd voltage of 3.0 V was conducted, and 
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in cells F, G, H, at discharging current of 100 mA, constant current discharging at discharging end voltage of 3.0 V was 
conducted. To evaluat th cycl characteristic t st, the cycl life was determined at the point of deterioration to less 
than the half of the initial capacity. Th results are compiled in Tabl 1 . 

5 Table 1 



Cell 


Graphite material 


R 


High rate discharging 


Cycle life 






1(110)/(004) 


characteristic 


(cycles) 








(%) 




Example 1-A 


Massive graphite 


0.07 


97 


620 


Example 2-B 


Massive graphite 


0.13 


90 


550 


Example 3-C 


Spheroidal graphite 


0.45 


93 


680 


Example 4-F 


Massive graphite 


0.19 


87 


530 


Example 5-G 


Massive graphite 


0.09 


84 


510 


Comparative example 1-D 


Flake graphite 


0.01 


65 


200 


Comparative example 2-E 


Spheroidal graphite 


0.60 


80 


410 


Comparative example 3-H 


Flake graphite 


0.03 


68 


350 



20 [0077] Cells A, B, C, F, G of the invention were excellent in high rate discharging characteristic, and long in cycle 
life, exceeding 500 cycles. In cells D, E and H, however, excellent high rate discharging characteristic and cycle char- 
acteristic were not obtained. The graphite material used in the anode of cells D and H had a scaly particle shape, and 
the orientation of the anode was extremely high at the time of manufacture of electrode, and the existence ratio of 
edges in the in-plane direction of particles contributing to intercalation decreased on the interface to the electrolyte, 

25 which seems to cause to lower the high rate discharging characteristic and cycle characteristic. In cell E, the anode 
was not oriented, and there were sufficient edges on the electrode interface, but since the rolling process was not 
enough, the electron conductivity was lowered by contact between particles, and polarization was increased due to 
diffusion of lithium ions, which seems to cause to lower the high rate discharging characteristic and cycle characteristic. 
[0078] Hence, by using the anode of which peak intensity ratio R (= l(110)/l(004)) of lattice planes (110) and (004) 

30 of graphite material obtained by wide angle X-ray diffraction measurement is in a range of 0.05 to 0.5, graphite particles 
are close to the state free from orientation of particles as observed in the graphite powder before fabrication of electrode, 
so that a nonaqueous secondary battery having excellent high rate discharging characteristic and cycle characteristic 
may be presented. 

35 Example 6 

[0079] The negative electrode and battery were fabricated in the same manner as in example 1 except that massive 
graphite obtained by grinding and sieving artificial graphite was used as the graphite material, and cell I of the invention 
was completed. This massive graphite was measured as sample of wide angle X-ray diffraction in the powder form 
40 before fabrication of electrode, and the intensity ratio of (110) and (004) was Rq = 0.43. Part of the electrode was cut 
out after fabrication of electrode, and similarly measured, and the result was R = 0.07. Hence, the rate of change when 
the electrode was manufactured from the powder before fabrication of electrode was P = 0.19. 

Example 7 

45 

[0080] A battery was fabricated in the same manner as in example 6, by using the same graphite material as in 
example 6, except that the anode thickness was 0.19 mm by rolling, and cell J of the invention was completed. The 
rate of change when the electrode was manufactured from the powder state of the massive graphite was P = 0.12. 

50 Comparative example 4 

[0081] A battery was fabricated in the same manner as in example 6, by using the same graphite material as in 
example 6, except that the anode thickness was 0.18 mm by rolling, and cell K for comparison was completed. The 
rat of change when th I ctrode was manufactured from th powder state of the massive graphite was P = 0.07. 

55 

Comparative exampi 5 

[0082] The negativ lectrod and battery w r fabricated in the sam manner as in exampi 6, except that rolling 
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was not done when fabricating th anode by using the same graphite material as in example 6, and cell L for comparison 
was completed. Th rat ofchang whenthe lectrode was manufactured from th powderstat ofth massiv graphit 
was P = 0.86. 

5 Example 8 

[0083] A battery was fabricated in the same manner as in example 4, by using flake graphite material, except that 
the anode thickness was 0.20 mm by rolling, and cell M of the invention was completed. The rate of change when the 
electrode was manufactured from the powder state of the flake graphite was P = 0.15. 

10 

Comparative example 6 

[0084] A battery was fabricated in the same manner as in example 6, by using the flake graphite material as in 
example 8, except that the anode thickness was 0.19 mm by rolling, and ceil N for comparison was completed. The 
15 rate of change when the electrode was manufactured from the powder state of the flake graphite was P = 0.04. 

Example 9 

[0085] The anode and nonaqueous electrolyte battery were fabricated in the same manner as in example 4 by using 
20 massive graphite obtained by grinding and sieving artificial graphite as the graphite material, and cell O of the invention 
was completed. This massive graphite was measured as sample of wide angle X-ray diffraction in the powder form 
before fabrication of electrode, and the intensity ratio of (110) and (004) was Rq = 0.43. Part of the electrode was cut 
out after fabrication of electrode, and similarly measured, and the result was R = 0.19, and the rate of change when 
the electrode was manufactured from the powder before fabrication of electrode was P = 0.44. 

25 

Comparative example 7 

[0086] A battery was fabricated in the same manner as in example 9, by using the same graphite material as in 
example 4, except that the anode thickness was 0.18 mm by rolling, and cell P for comparison was completed. The 
30 rate of change when the electrode was manufactured from the powder state of the massive graphite was P = 0.09. 
[0087] Preparing three cells each of cells I to P of examples of the invention and for comparison, the initial capacity, 
high rate discharging capacity, and cycle characteristic were measured same as in example 1 . The results are compiled 
in Table 2. 

35 Table 2 



Cell 


Graphite material 


P 


High rate discharging characteristic 


Cycle life 






R/Ro 


(%) 


(cycles) 


Example 6-I 


Massive graphite 


0.19 


97 


620 


Example 7-J 


Massive graphite 


0.11 


96 


530 


Example 8-M 


Flake graphite 


0.15 


90 


605 


Example 9-0 


Massive graphite 


0.44 


87 


527 


Comparative example 4-K 


Massive graphite 


0.07 


75 


416 


Comparative example 5-L 


Massive graphite 


0.86 


78 


390 


Comparative example 6-N 


Flake graphite 


0.04 


79 


426 


Comparative example 7-P 


Massive graphite 


0.09 


74 


430 



[0088] Cells I, J, M, O of the invention were excellent in high rate discharging characteristic, and long in cycle life, 
so exceeding 500 cycles. In cells K, L, N, P, however, excellent high rate discharging characteristic and cycle characteristic 
were not obtained. In the anodes of cells K and P, since the rate of change P was small, the basement surface of 
graphite particles was oriented in the same direction as the current collector surface by rolling at the time of fabrication 
of the electrode, and the existence ratio of edges contributing to intercalation decreased on the electrode surface, 
which seems to caus to low r the high rate discharging charact ristic and cycle characteristic. In cell L, since th 
55 rolling process was not nough, th electron conductivity was lowered by contact between particles, and polarization 
was caused. In the anode of cell N, if th electrode was fabricated in the same condition as in cell J, favorabl high 
rate discharging characteristic and cycl characteristic w re not obtained. It was becaus th graphit material was 
flake graphite having a differ nt particl shape from th massiv graphite flake graphite, and therefore v n in the 
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same condition, the rate of change of orientation was 0.04 in flak graphite as compared with 0. 1 1 of massiv graphite, 
and also the basement surface was orient d in th same direction as the current collector surface. 
[0089] Hence, when the rate of change P of intensity ratio R by wide angle X-ray diffraction is in a range of 0.1 to 
0.7, graphite particles are close to the state fre from orientation of particles as observed in the graphite powder before 
fabrication of electrode, so that a lithium ion secondary battery or a nonaqueous secondary battery having excellent 
high rate discharging characteristic and cycle characteristic may be presented. 

[0090] In the battery of the embodiments, LiCo0 2 was used as the cathode, but same effects are obtained by using 
the so-called rocking chair type lithiated complex oxide capable of intercalating and de-intercalating lithium, such as 
LiNi0 2 , LiMn0 2 , and LiMn 2 0 4 . 

[0091] In the embodiments, the cylindrical battery and thin battery were used, but the shape is not limited, and the 
same effects are obtained regardless of the shape or size of the battery, such as prismatic or flat shape. 
[0092] As described herein, by using the electrode obtained in the invention as the anode, a nonaqueous secondary 
battery excellent in high rate discharging characteristic and cycle characteristic may be presented. 



Claims 

1. An anode for nonaqueous electrolyte secondary battery, being an anode mainly composed of a graphite material 
capable of intercalating and de-intercalating lithium ions, wherein the peak intensity ratio R (= l(110)/l(004)) cor- 
responding to lattice planes (110) and (004) of graphite material obtained by wide angle X-ray diffraction meas- 
urement of said anode is in a range of 0.05 to 0.5. 

2. A nonaqueous electrolyte secondary battery comprising at least a cathode composed of lithiated complex oxide, 
an anode mainly composed of a graphite material capable of intercalating and de-intercalating lithium ions, with 
the peak intensity ratio R (= l(110)/l(004)) corresponding to lattice planes (110) and (004) of graphite material 
obtained by wide angle X-ray diffraction measurement of said anode in a range of 0.05 to 0.5, and a nonaqueous 
electrolyte. 

3. A nonaqueous electrolyte secondary battery of claim 2, wherein the nonaqueous electrolyte is an organic electrolyte 
having lithium salt dissolved in an organic solvent, and said organic solvent is mainly composed of two components, 
cyclic carbonate and chain carbonate, or three components further including aliphatic ester carbonate. 

4. A nonaqueous electrolyte secondary battery comprising a cathode containing lithiated complex oxide, an organic 
electrolyte, and a polymer for absorbing and holding the organic electrolyte, an anode containing a graphite material 
capable of intercalating and de-intercalating lithium ions, an organic electrolyte, and a polymer for absorbing and 
holding the organic electrolyte, with the peak intensity ratio R (= 1(1 1 0)/l(004)) corresponding to lattice planes (110) 
and (004) of graphite material obtained by wide angle X-ray diffraction measurement of said anode in a range of 
0.05 to 0.5, and a separator containing an organic electrolyte and a polymer for holding the organic electrolyte. 

5. An anode for nonaqueous electrolyte secondary battery, being an anode mainly composed of a graphite material 
capable of intercalating and de-intercalating lithium ions, and prepared by applying a paste compound containing 
said graphite material and a binder on a current collector made of a metal foil, and rolling, wherein if the peak 
intensity ratio R (=l(110)/l(004)) corresponding to lattice planes (110) and (004) of graphite material obtained by 
wide angle X-ray diffraction measurement of said anode is in a range of 0.05 to 0.5, the ratio P (= R/RJ of peak 
intensity ratio Rq obtained by measuring the graphite powder before preparation of electrode and peak intensity 
ratio R obtained from the measurement of said anode is in a range of 0.1 to 0.7. 

6. A nonaqueous electrolyte secondary battery comprising at least a cathode composed of lithiated complex oxide, 
an anode mainly composed of a graphite material capable of intercalating and de-intercalating lithium ions, and 
prepared by applying a paste compound containing said graphite material and a binder on a current collector made 
of a metal foil, and rolling, in which if the peak intensity ratio R (=l(110)/l(004)) corresponding to lattice planes (110) 
and (004) of graphite material obtained by wide angle X-ray diffraction measurement of said anode is in a range 
of 0.05 to 0.5, the ratio P (=R/R 0 ) of peak intensity ratio R c obtained by measuring the graphite powder before 
preparation of electrode and peak int nsity ratio R obtained from measurement of said anode is in a rang of 0.1 
to 0.7, and a nonaqueous electrolyte. 

7. A nonaqueous electrolyt secondary batt ry of claim 6, wherein the nonaqueous lectrolyt is an organic electrolyte 
having lithium salt dissolved in an organic solvent, and said organic solvent is mainly composed of two components, 
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cyclic carbonat and chain carbonat , or thr e components further including aliphatic est r carbonate. 

8. A nonaqueous electrolyte secondary battery of claim 6, wherein: 

5 the cathode includes an organic electrolyte and a polymer for absorbing and holding the organic electrolyte; 

the anode includes an organic electrolyte and a polymer for absorbing and holding the organic electrolyte; and 
the separator includes an organic electrolyte and a polymer of absorbing and holding the organic electrolyte. 



10 PatentansprQche 

1. Anode fur eine Sekundarbatterie mit nichtwassrigem Elektrolyt, die hauptsachlich aus einem Graphitmaterial be- 
steht, das Lithiumionen interkalieren und deinterkalieren kann, dadurch gekennzeichnet, dass das durch Weit- 
winkel-Rdntgenbeugungsmessung der Anode ermittelte Spitzenintensitatsverhaltnis R [= 1(110) : 1(004)], das den 

15 Gitterebenen (110) und (004) des Graphitmaterials entspricht, 0,05 bis 0,5 betragt. 

2. Sekundarbatterie mit nichtwassrigem Elektrolyt, die zumindest folgende Bestandteile umfasst: 

eine aus einem Lithiumkomplexoxid bestehende Katode, 
20 eine Anode, die hauptsachlich aus einem Graphitmaterial besteht, das Lithiumionen interkalieren und dein- 

terkalieren kann, wobei das durch Weitwinkel-Rontgenbeugungsmessung der Anode ermittelte Spitzeninten- 
sitatsverhaltnis R [= 1(110) : 1(004)], das den Gitterebenen (110) und (004) des Graphitmaterials entspricht, 
0,05 bis 0,5 betragt, und 
einen nichtwassrigen Elektrolyten. 

25 

3. Sekundarbatterie mit nichtwassrigem Elektrolyt nach Anspruch 2, dadurch gekennzeichnet, dass der nichtwass- 
rige Elektrolyt ein organischer Elektrolyt ist, bei dem ein Lithiumsalz in einem organischen Losungsmittel gelost 
ist, und dass das organische Losungsmittel hauptsachlich aus zwei Komponenten, namlich einem cyclischen Car- 
bonat und einem offenkettigen Carbonat, oder aus drei Komponenten, und zwar zusatzlich aus einem aliphatischen 

30 Estercarbonat, besteht. 

4. Sekundarbatterie mit nichtwassrigem Elektrolyt und mit 

einer Katode, die ein Lithiumkomplexoxid, einen organischen Elektrolyten und ein Polymer zum Absorbieren 
und Halten des organischen Elektrolyten enthalt, 
35 einer Anode, die ein Graphitmaterial, das Lithiumionen interkalieren und deinterkalieren kann, einen orga- 

nischen Elektrolyten und ein Polymer zum Absorbieren und Halten des organischen Elektrolyten enthalt, wobei 
das durch Weitwinkel-Rontgenbeugungsmessung der Anode ermittelte Spitzenintensitatsverhaltnis R [= 1(110) : I 
(004)], das den Gitterebenen (110) und (004) des Graphitmaterials entspricht, 0,05 bis 0,5 betragt, und 

einem Trennelement, das einen organischen Elektrolyten und ein Polymer zum Halten des organischen 
40 Elektrolyten enthalt. 

5. Anode fur eine Sekundarbatterie mit nichtwassrigem Elektrolyt, die hauptsachlich aus einem Graphitmaterial be- 
steht, das Lithiumionen interkalieren und deinterkalieren kann, und die durch Auftragen einer das Graphitmaterial 
und ein Bindemittel enthaltenden pastenartigen Verbindung auf einen aus einer Metallfolie bestehenden Strom- 

45 abnehmer und anschliessendes Walzen hergestellt wird, dadurch gekennzeichnet, dass das durch Weitwinkel- 

Rontgenbeugungsmessung der Anode ermittelte Spitzenintensitatsverhaltnis R [= 1(110) : 1(004)], das den Gitter- 
ebenen (110) und (004) des Graphitmaterials entspricht, 0,05 bis 0,5 betragt und dass das Verhaltnis P (= R : R©) 
des durch Messung der Anode ermittelten Spitzenintensitatsverhaltnisses R zu dem durch Messung des Graphit- 
pulvers vor der Herstellung der Elektrode ermittelten Spitzenintensitatsverhaltnis 0,1 bis 0,7 betragt. 

50 

6. Sekundarbatterie mit nichtwassrigem Elektrolyt, die mindestens folgende Bestandteile enthalt: 

eine aus einem Lithiumkomplexoxid bestehende Katode, 
in Anode, di hauptsachlich aus ein m Graphitmaterial besteht, das Lithiumion n interkalieren und dein- 
55 terkalieren kann, und di durch Auftrag nein r das Graphitmaterial und ein Bindemittel nthaltend en pasten- 

artigen Verbindung auf inen aus einer M tallfoli bestehenden Stromabnehmer und anschliessendes Walzen 
hergestellt wird, wobei das durch Weitwink l-Rdntg nbeugungsmessung der Anode rmitt Ite Spitzeninten- 
sitatsverhaltnis R [= 1(110) : 1(004)], das den Gitt r benen (110) und (004) d s Graphitmaterials entspricht, 
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0,05 bis 0,5 betragt und das V rhaltnis P (= R : RJ des durch Messung der Anod ermitteften Spitzeninten- 
sitatsverhaltnisses R zu dem durch Messung des Graphitpulvers vor der Herstellung der Elektrode ermittelten 
Spitzenintensitatsv rhaltnis Rq 0,1 bis 0,7 b tragt, und 
einen nichtwassrigen Elektrolyten. 

7. Sekundarbatterie mit nichtwassrigem Elektrolyt nach Anspruch 6, dadurch gekennzelchnet, dass der nichtwass- 
rige Elektrolyt ein organischer Elektrolyt ist, bei dem ein Lithiumsalz in einem organischen Losungsmittel gelost 
ist, und dass das organische Losungsmittel hauptsachlich aus zwei Komponenten, namlich einem cyclischen Car- 
bonat und einem offenkettigen Carbonat, oder aus drei Komponenten, und zwarzusatzlich aus einem aliphatischen 
Estercarbonat, besteht. 

8. Sekundarbatterie mit nichtwassrigem Elektrolyt nach Anspruch 6, dadurch gekennzelchnet, dass 

die Katode einen organischen Elektrolyten und ein Polymer zum Absorbieren und Halten des organischen 
Elektrolyten aufweist, 

die Anode einen organischen Elektrolyten und ein Polymer zum Absorbieren und Halten des organischen 
Elektrolyten aufweist, und 

das Trennelement einen organischen Elektrolyten und ein Polymer zum Absorbieren und Halten des orga- 
nischen Elektrolyten aufweist. 



Revendfcatlons 

1. Anode destinee a une batlerie rechargeable a electrolyte non aqueux, etant une anode principalement composee 
d'un materiau de graphite capable d'intercaler et de desintercaler des ions lithium, dans laquelle le rapport d'in- 
tensite de crete R(= l(110)/l(004)) correspondant a des plans en treillis (110) et (004) du materiau de graphite 
obtenu par mesure de diffraction aux rayons X a grand champ de ladite anode se situe dans une plage de 0,05 a 0,5. 

2. Batterie rechargeable a electrolyte non aqueux comprenant au moins une cathode composee d'un oxyde complexe 
lithie, une anode principalement composee d'un materiau graphite capable d'intercaler et de desintercaler des 
ions lithium, dont le rapport d'intensite de crete R(= l(110)/l(004)) correspondant aux plans en treillis (11 0) et (004) 
du materiau de graphite obtenu par mesure de diffraction aux rayons X a grand champ de ladite anode se situe 
dans une plage de 0,05 a 0,5 et un electrolyte non aqueux. 

3. Batterie rechargeable a electrolyte non aqueux selon la revendication 2, dans laquelle I'electrolyte non aqueux 
est un electrolyte organique comportant du sel de lithium dissous dans un sofvant organique, et ledit solvant or- 
ganique est principalement compose de deux composants, un carbonate cyclique et un carbonate en chaTne, ou 
de trois composants comprenant en outre un carbonate d'ester aliphatique. 

4. Batterie rechargeable a electrolyte non aqueux comprenant une cathode contenant un oxyde complexe lithie, un 
electrolyte organique, et un polymere destine a absorber et a retenir I'electrolyte organique, une anode contenant 
un materiau de graphite capable d'intercaler et de desintercaler des ions lithium, un electrolyte organique et un 
polymere destine a absorber et a retenir I'electrolyte organique, dont le rapport d'intensite de crete R (= l(110)/l 
(004)) correspondant aux plans en treillis (110) et (004) du materiau de graphite obtenu par une mesure de dif- 
fraction aux rayons X a grand champ de ladite anode se situe dans une plage de 0,05 a 0,5, et un separateur 
contenant un electrolyte organique et un polymere destine a retenir I'electrolyte organique. 

5. Anode destinee a une batterie rechargeable a electrolyte non aqueux, etant une anode principalement composee 
d'un materiau de graphite capable d'intercaler et de desintercaler des ions lithium, et preparee en appliquant un 
compose de pate contenant ledit materiau de graphite et un liant sur un collecteur de courant constitue d'une 
feuille de metal, et par un roulement, dans laquelle si le rapport d'intensite de crete R (= 1(1 1 0)/l(004)) correspondant 
aux plans en treillis (110) et (004) du materiau de graphite obtenu par une mesure de diffraction aux rayons X a 
grand champ de ladite anode se situe dans une plage de 0,05 a 0,5, le rapport P (= R/RJ du rapport d'intensite 
de crete Rq obtenu en mesurant la poudre de graphite avant preparation de I'electrode et du rapport d'intensite 
d crete R obtenu a partir d la mesure d ladite anode se situ dansun plage de 0,1 a 0,7. 

6. Batterie recharg ableaelectrofyt nonaqu ux comprenant au moins un cathode compose d'unoxyd complex 
lithie, une anod principalem nt compose d'un materiau de graphit capabl d'intercaler td desint rcalerdes 
ions lithium, et pr 'pare n appliquant un compos ' d pate cont nant ledit materiau d graphit et un liant sur un 
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collecteurd courant constitue d'un feuill metalliqu , et par roulement, dans laquell si! rapport d'intensit ' d 
crete R (= l(110)/l(004)) correspondant aux plans en treillis (110) et (004) du materiau de graphit obt nus par 
un mesured diffraction aux rayons X a grand champ d ladit anod se situe dans une plag de 0,05 a 0,5, 1 
rapport P (= R=Ro) du rapport d'int nsrt ' de crete Rq obtenu en mesurant la poudre de graphite avant preparation 
de ('electrode et du rapport d'intensite de crete R obtenu a partir de la mesure de ladite anode se situe dans une 
plage de 0,1 a 0,7, et un electrolyte non aqueux. 

Batterie rechargeable a electrolyte non aqueux selon la revendication 6, dans laquelle I'electrolyte non aqueux 
est un electrolyte organique comportant un sel de lithium dissous dans un solvant organique, et led'rt solvant or- 
ganique est principalement compose de deux composants, un carbonate cyclique et un carbonate en chaTne, ou 
de trois composants comprenant en outre un carbonate ester aliphatique. 

Batterie rechargeable a electrolyte non aqueux selon la revendication 6, dans laquelle : 

la cathode comprend un electrolyte organique et un polymere destine a absorber et a retenir ('electrolyte 
organique, 

Panode comprend un electrolyte organique et un polymere destine a absorber et a retenir I'electrolyte organi- 
que, et 

le separateur comprend un electrolyte organique et un polymere destine a absorber et a retenir I'electrolyte 
organique. 
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